In recent years, banded leaf sheath blight in corn has become an important disease 24 in corn that seriously affects quality and yield. This paper aims to evaluate the 25 sensitivity of Rhizoctonia solani to thifluzamide in corn, to clarify the effect of seed 26 coating using a thifluzamide suspension agent on safety and physiological indicators 27 and to determine banded leaf sheath blight in corn control effectiveness in the field, 28 thereby providing a basis for the application of thifluzamide suspension agent as a 29 seed coating. In this study, the thifluzamide sensitivity of 102 strains of R. solani in 30 corn in different regions of Shandong was determined using the mycelial growth rate 31 method, and the average half-maximal effective concentration value (EC 50 ) was 32 0.086±0.004 μg/mL. The sensitivity was consistent with a continuous and skewed 33 normal distribution, and the sensitivity distribution frequency exhibited a continuous, 34 unimodal curve, indicating that thifluzamide had strong inhibitory activity on the 35 mycelial growth of R. solani in corn. The impacts of using a thifluzamide suspension 36 agent for seed coating on safety and physiological indicators as well as the control 37 effect in corn were evaluated by combining seed coating, an indoor pot test, and a 38 field trial. The root activities under 24 g a.i. 100 kg -1 seed and 12 g a.i. 100 kg -1 seed 39 were found to increase by 78.01% and 77.40%, respectively, compared with that 40 under the blank control; the chlorophyll content of corn increased most significantly 41 at a dosage of 24 g a.i. 100 kg -1 , which was a 32.32% increase compared to the blank 42 control. Thifluzamide (FS) could significantly increase the hundred-grain weight of 43 corn and the per-plot yield. Among the examined dosages, 24 g a.i. 100 kg -1 seed had 44 the most significant treatment effect, with the hundred-grain weight increasing by 45 12.47% and the yield rate increasing by 15.72% compared to the control in 2016, 46 Simultaneously, the hundred-grain weight increasing by 13.44% and the yield rate 47 increasing by 14.11% compared to the control in 2017. Three dosages of 24% 48 thifluzamide (FS) increased the emergence rate and seedling growth of corn to 49 varying extents. The field control effectiveness against banded leaf sheath blight in 50 corn was best at the dosage of 24 g a.i. 100 kg -1 seed for seed dressing with 51 thifluzamide (FS); in 2016 and 2017, the control effects in the small bell stage, large 52 bell stage, tasseling and pollen-shedding stage, silking stage, milk-ripening stage, and 53 wax-ripening stage were 100%, 66.73%, 52.8%, 67.81%, 68.48%, and 62.68% 54 (2016), respectively, and 74.97%, 63.17%, 50.90%, 53.60%, 61.42%, and 55.88% 55 (2017). These results indicated that thifluzamide had enormous potential for 56 controlling banded leaf sheath blight in corn. 57 59 civilization in recent years, straw burning has been fully prohibited, while straw 60 returning has been widely promoted in various places throughout China. However, 61 due to improper treatment methods, straw returning has provided habitats for many 62 soil-borne pathogens. As an important cereal crop in the global agricultural economy 63 [1], corn is critical to increasing grain yield, but the incidence of banded leaf sheath 64 blight in corn has been increasing annually, resulting in a decline in the quality and 65 yield of corn and serious economic losses. Currently, farmers have a weak sense of 66 prevention and control of banded leaf sheath blight in corn, and there is little use of 67 control agents. Therefore, the development of safe, efficient agents for the prevention 68 and treatment of this disease is urgently needed.
Introduction 58
To promote the integrated control of air pollution to construct an ecological 110 this effect has not been registered for corn, and no study on the control of banded leaf 111 sheath blight in corn by seed dressing with thifluzamide has been reported. As a 112 specific control agent of Rhizoctonia spp., investigating thifluzamide (FS) for the 113 prevention and control of banded leaf sheath blight in corn is of great value. In this 114 study, the baseline sensitivity of R. solani to thifluzamide was established in corn; the 115 safety of thifluzamide coating was evaluated in corn, and the effects of thifluzamide 116 on physiological and biochemical indicators of corn and its control of banded leaf 117 sheath blight in corn were studied through pot and field fungicide tests to provide a 118 basis for the application of a thifluzamide suspension agent for seed coating. Tai'an (TA), Linyi (LY), Weifang (WF), Laiwu (LW), Rizhao (RZ), and Qingdao 124 (QD). Upon isolation and purification, 102 strains of R. solani in corn were obtained. 125 The sampling fields were never exposed to any thifluzamide or other SDHI. The 126 identities of all isolates in the study were confirmed by morphology, phylogenetic 127 analysis and pathogenicity testing. Isolates were kept for long-term storage in 128 cryogenic tubes with 15% glycerol solution at -80°C. The test corn variety in this 129 study was Zhengdan 958, (Henan Goldoctor Seed Co., Ltd., China) . The greenhouse pot test included a total of 6 treatments: the 24% thifluzamide 179 (FS) dosages of 48 g a.i. 100 kg -1 seed, 24 g a.i. 100 kg -1 seed, 12 g a.i. 100 kg -1 seed, 180 6 g a.i. 100 kg -1 seed, the control agent tebuconazole at a dosage of 12 g a.i. 100 kg -1 181 seed, and CK. The root activity and chlorophyll content of corn were sampled at the cm and row spacing of 45 cm. The dosages of 24% thifluzamide (FS) included 48 g fungicide tebuconazole was applied at a dosage of 12 g a.i. 100 kg -1 seed; and seed 199 dressing treatments without thifluzamide were taken as a control. Thus, there was a 200 total of 5 treatments in a randomized block design with 3 replicates per treatment, and 201 each plot was 30 m 2 . Corn seedlings were evaluated as follows. One week after 202 planting, 5 sites were sampled in each plot, and 30 plants were surveyed at each site.
203
On the 10 th day after sowing, 5 sites were sampled in each plot, and 15 plants were Disease incidence at sheaths, at and above the 4 th sheath below the ear position 2 3 Disease incidence at sheaths, at and above the 3 rd sheath below the ear position 3 5 Disease incidence at sheaths, at and above the 2 nd sheath below the ear position 4 7 Disease incidence at sheaths, at and above the 1 st sheath below the ear position 5 9 Disease incidence at the ear position and at sheaths above the ear position 
Effects of thifluzamide on root activity and chlorophyll
252 content 253 Seed dressing with thifluzamide could improve the root activity and increase the 254 chlorophyll content of corn seedlings, among which the dosages of 24 g a.i. 100 kg -1 255 seed and 12 g a.i. 100 kg -1 seed had the most significant promotional effect and 256 outperformed the tebuconazole treatment (Figures 2 and 3) . seed had a better promotional effect on stem thickness, which was 0.75 mm higher 270 than that of the control (Table 3) . Three doses of thifluzamide (FS) significantly 271 increased the corn root-to-crown ratio, which was obviously better than that under the conclusion. 3 dosages of 24% thifluzamide (FS) increased the emergence rate and 274 seedling growth of corn to varying extents (Table 4) . Effects of thifluzamide on the prevention of banded leaf 296 sheath blight in corn in the field 297 In the field test of this study we found that there were fewer incidences of banded 298 leaf sheath blight in corn from the seedling stage to the large bell stage, during which 299 the control effect was high. The tasseling and pollen-shedding stage was the 300 disease-spreading period, with high temperature and humidity conditions being 301 conducive to the spread of sheath blight, and the maturity stage was the abrupt surge 302 period of the disease. The 2-year field trial showed that 3 doses of thifluzamide (FS) 303 had good control effects on banded leaf sheath blight in corn throughout the entire 304 growth period and significantly reduced the incidence of banded leaf sheath blight in 305 corn during the high-incidence period. Among these, the dosage of 24 g a.i. 100 kg -1 306 seed had the optimal field control effect, and the control effects during the small bell 307 stage, large bell stage, tasseling and pollen-shedding stage, silking stage, other stages (Table 7) . activity against R. solani and can be used as a more effective substitute for boscalid 326 and Jinggang mycin to control sheath blight [29] . Hence, we established the baseline 327 sensitivity of R. solani in corn to thifluzamide and found that it was highly sensitive.
328
Of the 55 fungicides listed by the Fungicide Resistance Action Committee (FRAC), 329 the SDHI class is growing at the fastest rate among the new compounds that have 330 been produced and put on the market [26] . As an SDHI fungicide, thifluzamide has 331 high biological activity, but it only has a single action site, so it runs a high risk of 332 drug resistance [30] . A previous study found that the risk of resistance to thifluzamide 333 is moderate in R. solani, which can develop resistance to QoI fungicides, and the 334 Fungicide Resistance Action Committee (FRAC) states that the use of this fungicide 335 should be in accordance with the manufacturer's recommended effective dose, with 336 particular attention to adhering to safety intervals [31] . In this study, we did not spray 337 and reduced the number of fungicide applications, and the optimal dosage was 338 determined in the indoor safety test and the greenhouse pot experiment using the seed 339 dressing method. When the thifluzamide dosage (24% FS) was 6-96 g a.i. 100 kg -1 seed, seed coating with this fungicide was safe for corn. The field study found that the
